We studied annual and lifetime reproductive success (LRS) of both sexes of common buzzard Buteo buteo in eastern Westphalia, Germany. We followed a bottom-up approach starting from individual breeding attempts, over lifetime reproductive success to derive population demography. Annual breeding performance and survival followed a quadratic relationship with breeding experience; individuals starting their breeding career were less likely to survive and breed successfully than birds of intermediate breeding experience. According to an analysis of selection gradients, both the opportunity and intensity of selection peaked in the early stages of the breeding career. The distribution of both LRS and another fitness measure, l, was highly skewed, with ca 17% of adult birds producing 50% of fledglings in both sexes. Besides breeding life span and number of breeding attempts, habitat quality and plumage morph were significant predictors of LRS. There were strong differences in LRS and l between the plumage morphs in both sexes: intermediate pigmented buzzards were much more successful than either dark or light ones. There was no significant difference between buzzard cohorts either in LRS or l, nor did these fitness measures differ between individuals starting their breeding career at different conditions of food availability. Based on individual life histories, we formed a transition matrix and analysed its properties to study the population as a whole. This analysis showed that the population growth rate was close to unity (0.906, bootstrapped 95% confidence limits: 0.834 and 0.962). Analysis of reproductive values and elasticities further emphasised colour morph differences: the contribution of intermediate individuals to population growth greatly exceeded that of dark or light individuals. Thus most phenomena on all levels from individual breeding attempts over lifetime reproductive success to population demography can be explained by the fitness differences between the colour morphs with the intermediate morph maintaining the current population renewal potential.
Individuals in natural populations differ greatly from each other. Major differences in reproductive performance are commonly associated with age, sex, body size and other phenotypic characteristics (CluttonBrock et al. 1982 , Crouse et al. 1987 , Forsman 1993 , Cooke et al. 1995 , Sutherland 1996 . Long-term individual-based studies provide the possibility to sum offspring production over the whole life span. These longitudinal studies help in averaging out occasional breeding failures and allow a more accurate analysis of individual success than cross-sectional studies. Lifetime reproductive success (LRS) is a major component of individual fitness regardless which definition is adopted (Clutton-Brock 1988 , Newton 1989a , McGraw and Caswell 1996 , Brommer et al. 1998 , Käär and Jokela 1998 , Benton and Grant 2000 . Studying LRS variation between individuals within and between sexes, therefore, provides a good estimate for fitness variance in a population. Analysing the factors causing this variation also sheds light on the selective pressures affecting the reproductive careers of individuals. Being a quantitative measure of fitness, LRS neglects timing of reproduction within the life cycle. However, this can be an important fitness component as well (Roff 1992 , Stearns 1992 ) and consequently studying a ''rate measure' ' (i.e. l, McGraw and Caswell 1996) together with LRS enables a much more detailed analysis than LRS alone.
Until recently, long-term studies on fitness, however, have largely ignored that individual fitness properties are bound to have consequences at the population level (Crouse et al. 1987 , Sutherland 1996 . Thus the linkage between life history traits and population dynamics has received much more attention (de Kroon et al. 2000) which allows population ecology to be based on a solid theoretical framework of life history evolution (Sutherland 1996) .
Here we analyse an individual-based, 11-yr data set from common buzzards, Buteo buteo. This species adds another very interesting aspect to the interplay between individual life histories and population dynamics; a stable plumage polymorphism comprising three colour morphs (Glutz von Blotzheim et al. 1971 ). There are several hypotheses explaining the maintenance of a stable polymorphism, among them are sexual selection (Andersson 1994) , balancing natural selection (O'Donald 1983) , heterozygote advantage (O'Donald 1983) and apostatic selection (Losey et al. 1997) . In this study we wanted to test whether fitness differences exist between the three colour morphs and what the consequences for the population are as a whole. In addition, the interplay between individual fitness and population dynamics might help to elucidate which of the hypotheses is most likely to account for the stable polymorphism in this species. In doing so, we follow a strictly hierarchical bottom-up approach from individual breeding attempts to whole population phenomena in four discrete steps: 1) We analyse how annual breeding success and survival depend on sex and age of individuals. This also allows us to assess the selection pressures associated with different phases of a reproductive career (Lande and Arnold 1983) . 2) We summarise individual breeding attempts into LRS for males and females. In this part of the paper, we address four main questions: (1) How much does lifetime reproductive success vary between individuals and sexes? (2) How much of this variation can be accounted for by reproductive life span and number of breeding attempts only?, (3) What factors explain the remaining variation in lifetime reproductive success?, and (4) How does reproductive value change with age and sex? Besides LRS, we use l in the analyses as a fitness measure (McGraw and Caswell 1996 (Korpimäki 1992) and Ural owl, Strix uralensis (Brommer et al. 1998) , that the phase of the vole cycle at first breeding affects the expected LRS of a given cohort. Based on these studies, we hypothesise that individuals starting their breeding career in the increase phase of the vole cycle are likely to have the highest LRS since vole abundance and percentage of voles in the buzzard diet are correlated (Mebs 1964 , Glutz von Blotzheim et al. 1971 . However, in contrast to microtine predators at higher latitudes, buzzards in western Europe experience much less pronounced and irregular population cycles of their prey and therefore provide an interesting point of comparison to the more northern systems. 4) Finally we summarise all individual reproduction and survival parameters to form a model of buzzard demography for the whole population. We do this by constructing a Leslie matrix population model and analysing its properties, such as asymptotic stable age structure, reproductive values and elasticities (Leslie 1945 , Caswell 1982 , Crouse et al. 1987 , Caswell 1989 , Cochran and Ellner 1992 , Ebert 1999 . This is a very useful tool in life history and conservation alike since it indicates the relative ''importance'' of life history stages for population growth and maintenance (Heppell et al. 2000 , de Kroon et al. 2000 , Krü ger 2000 , Saether and Bakke 2000 , Wisdom et al. 2000 . Such an approach also summarises the individual-specific properties in an estimate of population growth rate.
Methods
The study was conducted over 11 yr from 1989 through 1999 in a 300-km 2 investigation area in eastern Westphalia, Germany (8°25% E and 52°6% N). The habitat is a mosaic of deciduous and coniferous forest and cultivated landscape and has been described in detail elsewhere (Krü ger and Stefener 1996, Krü ger and Lindströ m 2001) . In each year, all forest patches were visited to look for breeding pairs. Buzzard density varied between 12.7 and 27 pairs per 100 km 2 (Fig. 1 ). Buzzards were drawn or photographed and the high variation in plumage colour and especially pigmentation pattern (Glutz von Blotzheim et al. 1971, Cramp and Simmons 1980) allows individuals to be recognised individually from year to year without marking (see Clutton-Brock et al. 1982 , Glaubrecht 1983 , Janes 1984 for similar approaches, and Bateson 1977 , Scott 1979 for reliability tests on other species). Therefore it was not necessary to colour-mark any birds, but if uncertainties existed in recognising individuals they were excluded from any analysis. Rarely birds moved to a nearby territory which could be detected using the drawings. Birds breeding in 1989 were excluded since their previous breeding career was unknown. We also categorised the individuals into three morphs (dark, intermediate and light; Cramp and Simmons 1980) , but very rarely extreme birds occurred which were referred to as very dark and very light. These morphs are genetically determined and stable over time (Glutz von Blotzheim et al. 1971) . This polymorphism occurs all over Europe (Ulfstrand 1970 (Ulfstrand , 1977 and thus our study population reflects the broader biogeographical picture.
Annual breeding success was recorded through careful observations from ground level, so nests were not climbed. Because the landscape is hilly, slopes allow an observer to see most nests well. At least three (normally between five and ten) visits were made to each active nest to determine breeding success (failure or non-failure), reproductive output (number of fledged juveniles per breeding pair) and brood size (number of fledged juveniles per successful breeding pair). As for other resident bird species, it is assumed that once an individual is not found in the population for two years or more, it has died (Newton 1989b) . Rarely, birds skipped a breeding attempt, which is why two years were taken as the threshold to assume death in order to calculate local survival rates. The number of birds of a given cohort still alive in 1999 was used to determine which cohorts could be used in the analysis. While 1.1-4.3% (1 -3 birds) of the 1990-1995 cohorts were still alive in 1999, this proportion increased to 16.4% (18 birds) for the 1996 cohort. Thus, the analysis of lifetime reproductive success (LRS) between cohorts was limited to 1990-1995. Those long-lived birds still alive in 1999 were included in the analysis, although their reproductive career might not have ended, because their exclusion would have introduced a much larger bias by leaving the most successful birds out of the data analysed. Following Lande and Arnold (1983) and Käär and Jokela (1998) , we also calculated selection gradients b according to brood number to quantify phenotypic selection on fertility acting on individuals over their breeding careers. Selection gradients are defined as partial regression coefficients between an independent variable and the fitness variable (Lande and Arnold 1983) . These coefficients indicate the opportunity for natural selection. Standardised selection gradients' b% measure the intensity of selection and are calculated as a partial regression coefficient when the independent variables have been standardised to zero mean and unit variance Arnold 1983, Brodie et al. 1995) . We used l as the fitness measure (see below) and reproductive output at different brood numbers as independent variables.
In addition to LRS, we also calculated individual fitness as described in McGraw and Caswell (1996) . This value, l ( = e r ), is the dominant eigenvector of an individual's age-structured Leslie matrix composed of annual survival and genetic contribution of the parent to the offspring (0.5 times the reproductive output). This fitness estimator thus denotes the rate of increase for individuals with a known genotype or phenotype in the population (Metz et al. 1992) . Since the exact age of individuals starting to breed was not known, we first assumed that all start reproducing in their third calendar year following Cramp and Simmons (1980) . However, we also checked the robustness of our conclusions by randomising the age at first breeding to be 2nd to 4th calendar year. These different eigenvalues are referred to as l 2 , l 3 and l 4 .
For general information on abiotic and biotic variables for each year, we obtained weather data (monthly precipitation, mean temperature and days with snow cover) from the nearest meteorological station from the Deutscher Wetterdienst (Melle, located at the northern edge of the study area). An index of vole abundance (low, medium or high) of the main prey species, field vole, Microtus ar6alis, was obtained by counting the number of vole skulls in buzzard and tawny owl, Strix aluco, pellets (Kostrzewa and Kostrzewa 1990) . Since 1994 the index was estimated using the re-opened holes method where the number of active vole holes per unit area is counted (Allmer 1972, Wieland pers. comm.) . Both methods provide site-specific, semi-quantitative data (Wieland pers. comm.) and thus we only used three broad abundance categories. Before parametric statistical analysis, the skewed lifetime reproductive success was log-transformed to give it a normal distribution. Non-transformed variables were analysed using non-parametric statistics (Mann-Whitney U-test). We analysed differences in LRS or fitness by ANOVA or Kruskal-Wallis tests and multiple regression analysis.
For the demographic analysis, a life cycle graph of buzzards is presented in Fig. 2 and the resulting transition matrix, L, is given in Appendix 1. As buzzard reproduction occurs seasonally, its population growth can be described with birth-pulse dynamics (Caswell 1989) where the population projection trajectory from time t to t +1 is written as:
where n is the population vector (Leslie 1945 , Caswell 1989 . When constructing the life cycle graph, we included the three colour morphs explicitly because it became evident from the current results as well as from earlier work (Krü ger et al. unpubl.) , that morph type has major consequences for the life history characteristics of buzzards. We also included their observed life spans, Mendelian segregation (assuming that the three morphs are a consequence of a one locus system with the two alleles dark and light where intermediates are heterozygotes) in the production of offspring of different morphs (Krü ger et al. unpubl.) , and the observed highly assortative mate choice pattern. This means that dark individuals prefer dark ones and light birds prefer light partners. As a result, survival probabilities are morph and age-specific. The stage of an individual comprises its age and colour morph. Stage-specific fecundities were formed by:
Here, f i,n,j is the fecundity contribution of colour morph i to colour morph j at its nth breeding attempt. p j is the probability of juvenile survival to its first birthday and first possible breeding age. For this parameter value we did not have a direct estimate from our data and we used p j = 0.536 according to Cramp and Simmons (1980) . Thus, our model assumes that juvenile mortality in different morphs is similar. m i,j denotes the probability that a female of colour morph i produces an offspring belonging to colour morph j and c i,n gives the total reproductive output of morph i at breeding attempt n. This is the product of the Mendelian segregation pattern and the observed mate choice. Finally, this is multiplied by 0.5 as the model considers only females. Note, however, that male contribution to offspring morph frequencies is taken into account in m i,j . Our model thus assumes that males are available according to the observed mate choice frequencies. As we did not have a direct estimate for the probability of starting a breeding career in the second calendar year, we used 0.1 in our point estimate of population growth as it has been suggested that only a minor fraction breeds that young (Cramp and Simmons 1980) . We tested the effect of this assumption by randomisations in estimating the population growth rate.
We used three different definitions and methods to calculate expected reproduction, which all enlighten different aspects of the life history of buzzards: 1) Reproductive value calculated from life table data in a stable population (Stearns 1992: 26) . This is the number of expected offspring for an individual belonging to a given age or stage and assumes a stable population. 2) Reproductive value assuming exponential growth. This is the expected contribution of each life history stage to long-term population growth. Note, following convention, these are scaled relative to the first value of the vector, here D 1 , which gets the value 1.
This is given by the left eigenvector, v of L corresponding to l, satisfying the equation: v%L= lv%, where % denotes the transpose operator (Caswell 1982) . 3) Expected net reproductive rates, R 0 (Cochran and Ellner 1992) . These are based on the transition matrix, L. This gives the number of offspring with which a newborn individual is expected to be replaced by the end of its life. In this case it also tells how many individuals of morph i to x a newborn individual of morph i will be replaced with.
Results

Individual breeding attempts: differences in performance
We obtained data covering 266 and 269 individual breeding attempts of 106 females and 132 males, respectively, of known identity which started their breeding career between 1989 and 1995. Multiple breeders had a significantly higher annual reproductive output compared to onetime breeders in females: F 1,264 = 5.713, P= 0.018 but not in males: F 1,267 = 0.469, P= 0.494. Both sexes exhibited differences in mean reproductive output for a given breeding attempt (females: F 9,256 = 2.090, P= 0.031 and males: F 11,257 = 2.257, P= 0.012). In general, annual performance increased with breeding experience to reach a maximum at about breeding attempt five to seven (females) or five to six (males) after which performance declined (Fig. 3a, d) . Quadratic regression models are significant (females: F 2,263 = 5.500, P=0.005 and males: F 2,266 = 3.851, P= 0.023) but explain only small proportions of the variance (4% for females and 2.8% for males). Annual survival (Fig. 3b, e ) also increased for both sexes to reach a maximum at breeding attempt six (females) or seven (males). Quadratic regression models explained 20% and 54% of variance in annual survival for females and males, respectively, but are statistically significant only in males due to the small number of data points (females: P= 0.410 and males: P= 0.030). As a consequence, the reproductive value based on the life table follows a hump-shaped pattern for both sexes, with a small maximum at brood number three for females and a more pronounced maximum at brood number six for males (Fig. 3c, f) . Both quadratic regression models are highly significant (females: F 2,8 = 15.69, P= 0.002 and males: F 2,8 = 20.71, P =0.001). In order to compare the breeding performance over the birds lifetime with a measure of selection intensity towards increased reproduction, we calculated selection gradients. These gradients decreased with increasing brood number for both sexes (Fig. 4a) , indicating higher fitness pay-offs for increased fecundity during the first three breeding attempts of an individual's breeding career. Standardised selection gradients (Fig. 4b) indicate that selection was also most intense towards higher fecundity during this phase of the breeding career, but the absolute values of the slopes were small, that is, the overall selection intensity for increased fertility was low. In the next part, we summarise breeding attempt into lifetime reproductive success.
Lifetime reproductive success and fitness
Females and males had an average breeding lifespan of 2.8 and 2.2 yr, respectively, the difference being significant (Table 1 , U =5926, P=0.034). Females also had a significantly higher number of breeding attempts than males (U= 6006, P =0.046), but not a higher number of successful breeding attempts (U= 6042, P = 0.059), LRS (U= 6210.5 P= 0.132) or fitness (U= 6334, P= 0.206). The distribution of LRS was highly skewed for both sexes (Fig. 5a) , with the majority of birds produc- qualitatively similar (females: Lilliefors test= 0.124, df= 90, P= 0.002 and males: Lilliefors test= 0.162, df = 107, P B0.0001).
To see what variables can explain the variation in LRS, we performed a multiple regression analysis ( Clutton-Brock 1988 , Newton 1989a . Breeding lifespan and number of breeding attempts explained large proportions of LRS in both sexes (females: R 2 = 0.614, F 2.103 = 165.6, P B0.0001 and males: R 2 = 0.493, F 2,129 = 62.7, PB 0.0001). We then used habitat quality, plumage morph, vole abundance index and three weather variables of the year in which individuals started their breeding career to explore residual variation in LRS (Table 2 ). For females, two variables were found to be significant predictors: habitat quality and morph. Together, they explained 25% of the residual variance in LRS and residuals of this model were normally distributed (Lilliefors test =0.060, df= 106, P= 0.2). For males, habitat, morph, number of days with snow cover and temperature during the egg laying period were significant predictors and explained 16% of the residual variance in LRS, again with normally distributed residuals (Lilliefors test=0.067, df=132, P= 0.2). The influence of the weather variables was not caused by a relationship between them and one-timebreeding males only (snow days: r = −0.115, df= 64, P =0.358 and temperature: r=0.066, df= 64, P= 0.597). Overall, morph seemed to be a very important determinant of buzzard fitness and indeed, there were significant differences in LRS between morphs for both females (F 2,103 = 24.79, P=0.0001) and males (F 4,127 = 5.510, P = 0.0001). Intermediate buzzards were, on average, much more successful than either dark or light ones (Fig. 6) . The same held true for l for both females (H = 38.14, df=2, PB 0.0001) and males (H =19.38, df= 4, PB0.0001).
Summarising LRS into cohort variation
While there were significant differences between individual buzzards, cohort variation in both LRS and l for the 1990-1995 cohorts was small (Fig. 7a) . Differences were not significant for either measure for females (LRS: F 5,99 = 1.197, P =0.361 and l 3 : H= 4.652, df= 5, P= 0.460) or for males (LRS: F 5,124 = 0.858, P= 0.511 and l 3 : H =2.564, df= 5, P=0.767). There was also no difference for both sexes starting their breeding career in a year of low, intermediate or high vole abundance (Fig. 7b , females: LRS: F 2,103 = 1.033, P= 0.360 and l 3 : H = 1.091, df=2, P= 0.579 and males: LRS: F 2,127 = 0.014, P =0.986 and l 3 : H= 0.097, df= 2, P =0.952). These results were robust to assumptions of age at first breeding. By chance, up to 50 KruskalWallis tests of 1000 randomisations were expected to be significant. There was no clear deviation from this expectancy whatever the assumed age distribution of ing between zero and three fledglings in their lifetime. This distribution deviated significantly from normality (females: Lilliefors test=0.250, df=106, PB0.0001 and males: Lilliefors test=0.214, df=132, PB 0.0001). The cumulative distribution showed that 17% of both females and males produced half of all fledglings (Fig.  5b) . The l distribution was also highly skewed ( Fig. 5c ) and deviated from normality (females: Lilliefors test= 0.203, df= 106, P B 0.001 and males: Lilliefors test= 0.199, df= 132, P B 0.001). As this distribution was clearly discontinuous and non-normal if non-reproductive individuals were included, we also tested reproductive individuals only, but the result remained Table 2 . Multiple regression models for female and male residual lifetime reproductive success (after removing the effect of breeding lifespan and the number of breeding attempts). Models explain 25% of the variance in residual LRS for females and 16% for males. first-breeders (Table 3) . Thus it seems to be justified to combine all cohorts and form a model for the whole population which we do in the final part of our analysis.
Summarising all LRS data: demographic analysis
Population growth rate according to the dominant positive eigenvalue, l, of the transition matrix, L was 0.906 so the projection predicts an annual decrease of 10% in buzzard breeding density. Bootstrap-based lower and upper 95% confidence limits (Caswell 1989) were 0.834 and 0.962, respectively. Expected remaining lifespan in each stage and its variance, the stable age distribution and stage-specific reproductive values as given by the right and left eigenvectors of l and their bootstrapped 95% confidence limits are presented in Table 4 . Intermediate individuals in their second summer (I 1 ) had a much higher expected life time (3.5 yr) than individuals belonging to either of the extreme colour morphs (1.8 and 1.9 for the dark and light morphs, respectively; (Krü ger et al. unpubl.) . We also calculated the expected net reproductive rates, R 0 , of newborn individuals of each colour morph (Caswell 1989, Cochran and Ellner 1992) . Again, it became apparent that only individuals in the intermediate colour morph are likely to replace themselves in the population during their lifetime (Table 5 ).
To further assess the effect of likely uncertainties in our parameter estimates, we calculated elasticities of all transition probabilities and fecundities in L (Appendix 1). All single fecundity values had a much smaller elasticity than survival, accounting for 24.5% of l. On the contrary, particularly survival values of intermediate individuals, had higher elasticities. The parameters not estimated from our data, probability of breeding in 1989, Stearns 1992) . On the other hand, demography of the whole population results from the properties of the individuals which comprise the population. Here, we have addressed this link by analysing an 11-yr individual-based data-base from buzzards. We have shown that first time breeders and old birds have a reduced breeding success and survival compared to 'middleaged' individuals. This is a pattern found before, both in mammals (Clutton-Brock 1988) and in birds (Newton 1989b , Martin 1995 , Newton 1995 , Newton and Rothery 1997 . Although both the opportunity and intensity of selection peaked in the very beginning of the breeding career, as indicated by both selection gradients (Fig. 4) , the actual coefficients were small throughout. This may indicate that despite selection favouring strong allocation to early reproduction, this selection pressure is not very strong in a temporally relatively stable population. Also, as revealed by the elasticity analysis of the whole population transition matrix (Appendix 1), buzzard demography appears to be 'survival-driven'. This is a common pattern in longlived iteroparous organisms (Crouse et al. 1987 , Wisdom and Mills 1997 , Ehrlén and van Groenendael 1998 , Heppell et al. 2000 , Saether and Bakke 2000 . However, taking trade-offs between survival and fecundity into account may change this conclusion (van Tienderen 1995, Benton and Grant 1999a, b) . Interestingly, reproductive values (Table 4) based on the transition matrix give a contrasting view to selection pressures prevailing in the population. Namely, Fisher (1930) and later Lande (1982a, b) showed that the differences in age-or stage-specific reproductive values are associated with selection pressures and therefore, v, the left eigenvector of L (Table 4) can be interpreted as a selection gradient as well. Here the highest values are not found in the first breeding attempts but later. However, as they indicate the seed for population growth and are thus properties of an average individual, in this analysis an individual-based approach gives a more accurate picture of the selection pressures faced by the individuals.
LRS and l were highly skewed in both males and females. LRS was best explained by the length of breeding career and the number of breeding attempts. Although this is a common pattern found in many LRS studies (Clutton-Brock 1988 , Newton 1989a , such a striking difference between phenotypes as that documented here is not. Such a finding has rarely been documented (O'Donald 1983) . In addition, habitat quality contributed to LRS and l, which is not very surprising in a territorial animal holding the same territory over several breeding seasons. This has also been found, for instance, in sparrowhawk, Accipiter nisus (Newton 1989b) .
There was no difference in average fitness between cohorts. This is somewhat surprising as cohorts differ in quality and sometimes even in LRS in many vertethe first-year and juvenile survival, had no strong effect on l estimates (Fig. 8a, b) . The median l ranged from 0.898 to 0.990 for a first-year breeding probability from 0.0 to 1.0. Not surprisingly, the influence of juvenile survival was stronger with median l ranging from 0.644 to 1.072 for juvenile survival between 0.1 and 1.0. A 25% reduction or increase of stage-specific survival affected the resulting lambda markedly in intermediate stages, whereas the effect of manipulation of dark or light stages was negligible (Fig. 8c, d ). The importance of the intermediate morph for population growth in the whole population, therefore, greatly exceeds that of both dark and light morphs.
Discussion Variation in individual performance
Fitness, being a summary measure of birth and death rates, is ultimately a demographic concept (Caswell OIKOS 93:2 (2001) brates (Cooke et al. 1995 , Wiegmann et al. 1997 , Rose et al. 1998 , Coltman et al. 1999 ). These differences have been shown to relate to the conditions prevailing when the cohort was still in utero or during the first few weeks of development (Lindströ m 1999), or to food availability in the first year of breeding (Korpimäki 1992 , Brommer et al. 1998 . It may be that contrasting findings are seldom reported. In addition, buzzard cohorts did not differ in either LRS or fitness between different levels of the vole abundance index. This result was also robust to uncertainty concerning the age at first breeding as shown by our randomisations (Table  3) . One could imagine at least two plausible scenarios for the lack of cohort differences and fitness response to vole abundance in our study. First, if it is difficult to evolve a fine-tuned strategy for irregularly changing environmental conditions, parents may not adjust their reproductive effort according to environmental cues at all, as they seem to do in more predictable environments (Hakkarainen and Korpimäki 1994 ), but instead do something which is good on average (Benton et al. 1995) . This might later lead to lack of large quality differences among offspring and lack of cohort differences. The second alternative explanation is that although vole abundance fluctuates in Germany as it does in Fennoscandia, the peaks are simply not high enough to result in significant quality improvement in offspring born into good food conditions. On the basis of the current results, we cannot tell these effects apart or know if there is some other reason for the observed cohort similarity.
Besides uncertainty concerning the age at first breeding, another potential problem with our approach is that number of fledglings produced is not necessarily a good measure for fitness (Benton and Grant 2000) . Van Noordwijk and van Balen (1988) showed a clear quality-quantity trade-off in great tits resulting in reduced number of recruits into the population from larger clutches. However, other studies, notably on birds of prey (Korpimäki 1992 , Brommer et al. 1998 , have shown a significant positive correlation between the number of fledglings and recruits. This gives us some confidence that number of fledglings is a good approximate for fitness arguments. One additional point (Grafen 1988 ) is that any measure failing to take into account individuals dying before reproducing are prone to erroneous interpretations. For this fraction we do not have a direct individual-based estimate. Obviously, these questions call for further studies in our buzzard population.
Population demography
Our estimate of population growth, l, shows that the population was close to equilibrium (l= 1). However, despite the estimate being slightly below one, the population did not decrease constantly during the time span 1989-1999 but exhibited a slight growth with l= 1.019. One obvious reason could be sampling error in the estimated parameters. The elasticities calculated for the transition matrix, L (Appendix 1) indicate that survival values are the most likely candidates for significant effects on l, especially for the intermediates (Fig.  8c, d ). One frequent assumption in avian life history studies is that once a bird is not seen in the study area any more, it has died (Newton 1989b) . This is likely to overestimate the mortality because a bird breeding at the edge of the study area could be assumed to be dead even after a minor movement (Newton 1989b ). Thus we tested this source of error by decreasing all mortality probabilities by 10%. The resulting median l is 0.972 with a confidence interval ranging from 0.896 to 1.031 which includes the growth rate we observe in the population. In addition, when only the population dynamics from 1989 to 1995 are concerned (the years where cohorts were included in the projection matrix), the growth rate becomes 0.983 and is thus very close to the median of the modified matrix. Thus small errors in Table 3 . Results of the randomisation procedure of fitness in relation to cohort and vole abundance levels for different age distributions. Values give the number of significant (PB0.05) Kruskal-Wallis tests out of 1000 iterations with l 2 , l 3 and l 4 being picked according to the specified probability of breeding at a certain age. survival estimates are sufficient to explain the discrepancies between the projection matrix growth rate and the observed one. We must also accept that the population may have been sustained by slight net immigration. Another point worth mentioning is that a stable population size is assumed in population projection analyses (Benton and Grant 1996) whereas our population underwent significant fluctuations over the 11 yr (Fig. 1) . This, however, is unlikely to change our main conclusions, because long-lived iteroparous animals do not seem to be very much affected by environmental stochasticity in terms of their population projection (for example Benton et al. 1995 found a change around 1% for red deer).
As reproductive values of a transition matrix show the contribution of different stages to population growth, these values can therefore be used, for instance, to predict what would happen if the population crashed. Great differences in the stage-specific reproductive values, as indicated by the left eigenvector v of L ( Table 4 ), indicate that after population crashes, the recovery time could potentially depend very much on the stage distribution of the remaining individuals. However, as the stable stage distribution, w (Table 4) refers to an equilibrium population, it does not tell us how common the worst performing, extreme morph individuals would be after a crash. In addition, released competition after a population crash might well decrease the fitness differences between the colour morphs.
Both the stage-specific reproductive values (Table 4) and the expected net reproductive rates (Table 5) show that selection should favour individuals trying to contribute to the intermediate morph whenever possible. The fact that the intermediate morph is the most common morph all over Europe (Glutz von Blotzheim et al. 1971) indicates that neither dark nor light morphs have a clear fitness advantage anywhere in Europe, otherwise they would be the most common morph somewhere. Thus selection and migration cannot account for the maintenance of the polymorphism in this species. Interestingly, the buzzards actually show an assortative mating pattern with each morph preferring others of its kind, and this preference is at its strongest among the extreme morph individuals (Krü ger et al. unpubl.) . The reason for this maladaptive behaviour is unknown for the time being, but a plausible proximate explanation seems to be sexual imprinting (Krü ger et al. unpubl.) . Due to Mendelian segregation, the extreme morph indi- Table 5 . Expected net reproductive rates, R 0 , of offspring born to different colour morphs. As each morph can produce more than one kind of offspring, the expected contributions are presented separately for each morph and a morph-specific R 0 is a sum over its offspring types. detailed insight into driving forces of population growth or decline in animal populations.
viduals are not going to disappear from the population because the most successful morph, the intermediate one, cannot avoid producing the more extreme and less fit individuals. Assuming that intermediate buzzards might be heterozygous, the polymorphism might be maintained by heterosis, explaining why the less fit dark and light morphs are not lost from the population. In summary, our analyses of buzzard fitness clearly demonstrate the potential importance of linking phenotypic differences with population demography to gain a
